Preparation and properties of clay-based air-permeable and water-retention material  by Zhang, Zengzhi & Wang, Botao
Procedia Engineering 27 (2012) 475 – 481
1877-7058 © 2011 Published by Elsevier Ltd. Selection and/or peer-review  under responsibility of Chinese Materials Research Society
doi:10.1016/j.proeng.2011.12.476
Available online at www.sciencedirect.com
 
 
Procedia 
Engineering  
          Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia 
 
 
2011 Chinese Materials Conference 
Preparation and properties of clay-based air-permeable and 
water-retention material 
Zengzhi Zhang, Botao Wang  
 School of Mechanical Electronic and Information Engineering, China University of Mining and Technology (Beijing), Beijing,  
100083, PR China 
 
Abstract 
To solve the problem of available water conservation in sand fixation, the clay -based air-permeable and water-
retention material which was used to plant grass and stabilize sand in desertification region was prepared with clay 
modified by emulsifying discarded vegetable oil and emulsifier OP-10. The water retention property was studied in 
simulating desertification environmental climate and the materials were characterized by means of UV-Vis, SEM, TG 
and porosity analysis. The result showed that the materials has excellent air-permeable and water-retention properties, 
which owning to that vegetable oil adhering evenly to clay particle surfaces, making the clay pores changing from 
hydrophilic to hydrophobic and so inhibiting the water evaporation. Grass-planting experiment showed that, with 
reasonable mass ratio of emulsifier, vegetable oil and soil particles being 1:4:20, the materials not only inhibits water 
evaporation but also maintains sound air permeability so shat the germination rate and survival rate of grass was 
significantly improved. 
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1. Introduction 
At present, the total area of desertified land wordwide has reached 6~12 million square kilometers and 
the affected population is beyond 2 billion. As the most serious local and global environmental problem 
man is confronted with, desertification has became a major obstacle to United Nat ions 
Millennium Development Goals[1]. China is one of the countries facing serious desertificat ion situation. 
The desertified land area in the country has reached 2.63 million square kilometers while still shows a 
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trend of further expansion, causing enormous ecological, social and economic loss [2]. Available water 
content is the key factor for vegetation restoration. However, desertification land in  western region, where 
annual precipitation usually  is below 200mm and the annual evaporation is up to 3000mm[3], suffers from 
severe shortage of water. How to inhib it water evaporation effectively and  supply adequate water for grass 
survival and growth remains to be solved. 
Engineering sand fixation, chemical sand fixat ion and bio logical sand fixation are generally  in use 
nowadays. Engineering sand fixat ion, by establishing sand-barrier using engineering technology to block 
aeolian and change wind erosion environment in space, can not effectively fix sand[4]. Biological sand 
fixation, mainly including  planting sand-liv ing vegetation[5] and applying sand-fixing microorganism[6], is 
the fundamental measure. Chemical sand fixation is spraying chemical substance on sand to form harden 
layer. Traditional chemical sand-fixing material includes petroleum product[7], high polymer[8], high 
absorbent resin[9] and inorganic substance. Modified silicate minerals [10], water-soluble polymer[11], 
modified waste materials [12] and organic/inorganic composite[13] are the novel chemical sand-fixing  
material. Owning to high cost, hard practice and shortage of water, these measures can not be applied in 
large-scale application. 
Targeting the problem of availab le water conservation in sand fixation, the clay-based air-permeable 
and water-retention material was proposed. The refined sandy soil from desert sand was modified by 
biodegradable emulsified d iscarded vegetable oil (cons ists main ly of rapeseed oil). By forming an air-
permeable and water-impervious layer on sand surface, it  can inhibit  water evaporation beneath the layer, 
making the water content remain on reasonable level to meet  the water requirement of grass growth. In  
this paper, the water retention property was studied in simulating desertification environmental climate 
and the properties of materials were characterized by means of UV-Vis, SEM, TG and porosity analysis. 
2. Experiments  
2.1. Raw materials 
Discarded vegetable oil (mainly consists of rapeseed oil); emulsifier OP-10 (produced by Beijing 
Chemical Regent Co., Ltd.); fine soil filtered from desert sand in Ulan Buh with a granularity with mesh 
holes of 75um. American grass seed were selected as the experimental grass specie. 
2.2. Preparation of materials 
Emulsifier OP-10 of 0.5g was mixed with vegetable oil of 1g, 2g, 3g in 30ml distilled water 
respectively. The mixture was sheared by high-shear dispersing emulsifier with intermittent water supply 
for 20 minutes at room temperature to  prepare O/W type emulsion. Sand clay part icles were added to the 
emulsion according to mass ratio in table one with the stirring of magnetic stirring apparatus at room 
temperature for certain time to form uniform mixing paste. Then the paste was sprayed onto sand with a 
relative humidity of 40% and the clay-based sand-fixing and grass-planting material was prepared. 
2.3. Test and characterization 
Dispersivity of emulsion: The transmissivity of emulsion was detected by Optizen2120UV ult raviolet -
visible spectrophotometer (UV-Vis, produced by MECASYS in Korea) with the test conditions as follows: 
wavelength range 240-550nm, scanning speed 500nm/min, spectral bandwidth 1nm.  
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Water retention properties of materials: The the real-time humidity of sand at intervals of 1 hour was 
tested under simulated desertification climate(temperature range 27~50℃ , humid ity range 20~50%, light 
intensity range 40~100%) in PQX artificial climate box.  
Grass-planting experiment: The application effect in grass -planting experiment was also simulated in 
PQX artificial climate box and the American grass seed were selected as the experimental grass specie 
with the seed density of 4/cm2. 
Scanning electronic microscopy (SEM): The surface morphology was studied by S-3400 scanning 
electronic microscope (produced by RICOH in Japan) with the test conditions as follows: high  vacuum 
degree, accelerating voltage 20kv. 
Thermogravimetry (TG): The thermogravimetry curve of  original and modified sand clay was detected 
by Diamond SⅡ comprehensive thermal analyzer (produced by Perkin Elmer in America)with the test 
conditions as follows: n itrogen atmosphere, temperature range 28.5~300 ℃ , heating rate 10℃ /min. 
Pore volume and pore diameter: The porosity of original and modified sand clay were analyzed by 
AUTOPORE II 9220 automatic mercury porosimeter (produced by Micromerit ics in America) with the 
test conditions as follows: mercury  pressure 0.5768psia, maximum pressed-in volume 1mL/g, equilibrium 
time 10s. 
Table 1. Proportion for preparing soil-based water-retention material 
Samples VO1S6 VO2S6 VO3S6 VO1S10 VO2S10 VO3S10 
Vegetable oil amount[g] 1 2 3 1 2 3 
Soil particle amount[g] 6 6 6 10 10 10 
3. Results and Discussion 
3.1. UV-Vis analysis 
The optical transmittance of vegetable oil/OP-10 emulsion is shown in figure 1. In the presence of 
water, the stereo configuration of emulsifier OP-10 transformed to devious chain configuration. The 
hydrophilic groups wrap the lipophilic group up in interior space, making the hydrophilic groups - 
hydroxyl chain and ther chain combine with water molecule in hydrogen bond. On the other hand, with 
the high-speed shearing action, vegetable oil was scattered into small molecule evenly and reacted with 
lipophilic group-hydrocarbon chain of OP-10 molecule to form intermolecular force, making the oil 
molecule enclosed in water molecule. In  O/W type emulsion, based on the Gibbs free energy 
minimizat ion princip le of multicomponent and multiphase system, the hydrophilic group of OP-10 takes 
precedence over water molecule to combine in hydrogen bond with clay part icle, which demonstrates 
electronegativity in emulsion. Thus, the dispersivity of emulsion influences the water-retention properties 
of materials. As is shown, the optical transmittance of emulsion is almost zero beyond the wavelength of 
280nm. It is indicated that the emulsion is well dispersed and the material prepared is homogeneous phase 
system. 
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Fig. 1 The optical transmittance of vegetable waxes/span80 emulsion 
3.2. Analysis of water retention property 
Figure 2 shows the moisture content changes of sand over time in  simulated desertificat ion climate. A ll 
samples were tested at intervals of 1 hour. As shown in figure (a), the water retention property of material 
increases with an increasing of soil part icle amount when the vegetable oil amount remains unchanged.  In 
figure (b), the water content of the control group, compared with that of experimental groups, fell very 
sharply. It is indicated that the material can actually inhibit water evaporation and the water retention 
property increases gradually with an increase of vegetable oil amount when the soil particle amount 
remains unchanged. This is because an increase of vegetable oil in emulsion results in a noticeable 
increases of hydrophobic groups on soil surfaces , making more clay pores changing from hydrophilic to 
hydrophobic and so enhancing the water retention property . 
         
Fig. 2 Relative humidity of sand over time with (a) different soil particle amount and (b) different vegetable oil amount 
3.3. Analysis of grass-planting experiment 
The germination rate o f grass seeds under simulated desertification climate in five days is shown in 
figure 2. The germination rate of experimental groups applying clay-based air-permeable and water-
retention materials is evidently higher than that of the control group without applying the materials. The 
germination rate in groups with high soil amount is sligh tly higher than that in groups with low soil 
amount when the vegetable oil remains unchanged. With the increases of vegetable oil amount on the 
same condition of soil content, the maximum value of germination rate is up to 47% corresponding to the 
experiment group VO2S10. This is because that more vegetable oil results in a noticeable increases of 
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hydrophobic groups on soil surfaces , making more clay pores changing from hydrophilic to hydrophobic 
and so enhancing the water retention property. But as the vegetable oil increases over a certain level, the 
vegetable oil membrane on clay  particles gets so thick that it  can plug a portion o f clay pore volumes. 
This is detrimental to air permeability of clay  and results in a decrease of germination rate. It  is indicated 
that, with reasonable mass ratio of OP-10, vegetable oil and clay particles, the clay-based air-permeable 
and water-retention materials  not only inhibits water evaporation but also maintains sound air 
permeability so shat the germination rate and survival rate of grass was significantly improved.  
Table 2. The germination rate of grass seeds with different material composition 
Samples Control group VO1S6 VO2S6 VO3S6 VO1S10 VO2S10 VO3S10 
Germination rate[%] 5.5 36.2 44.7 35 38.4 47 36.2 
3.4. SEM analysis 
The micro-morphology of original and modified clay particles is shown in figure 3. The clay 
particles(b) modified by OP-10 and vegetable oil are evenly coated by a laminated luminous component, 
which means that the hydrophobic vegetable oil forms a two-dimensional solidified membrane in layer by 
layer mode on the surface of clay part icles. By  surface modification, the affinity fo r water molecu le of 
clay decreases, making it d ifficu lt for water to diffuse freely through the interlayer and pore space. As the 
vegetable oil content increases(c), the two-dimensional solidified membrane gets thicker and the water 
retention performance of materials rises correspondingly. While, on the contrary, in presence of excessive 
vegetable oil, the hydrophobic membrane gets too thick, which is detrimental to air permeability of clay 
and results in a decrease of germination rate.  
 
Fig. 3 SEM images of (a) original clay particles, (b) modified clay particles (VO1S10), (c) modified clay particles(VO2S10), (d) 
modified clay particles(VO3S10) 
3.5. Thermogravimetric (TG) analysis 
TG curves of original and modified  clay  are shown in figure 4. The original clay loses water smoothly 
over temperature. The free water and interlayer adsorbed water escapes at and below 160℃. With 
temperature increasing and pyrolysis accelerating, the sample loses crystal water and a large portion of 
organic mater beyond 160℃. By comparison, there is almost no moisture loss of modified clay below 
160℃ , which means that hydrophobic vegetable waxes membrane on the surface of clay particles inhibits 
water escaping and has higher water retention properties. With temperature increasing further beyond 
160℃ , emulsifier OP-10 and low-boiling organic fractions in vegetable oil begin to manifest failure 
decomposition and the materials can not effectively bind water molecule anymore , which results in rapid 
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loss of free and interlayer adsorbed water. It  can be indicated from above analysis that the clay-based air-
permeable and water-retention material can  effect ively inhibit  water evaporation at normal environmental 
temperature range. 
 
Fig. 4 TG curves of (a) original clay and (b) modified clay (VO2S10) 
3.6. Analysis of pore size distribution 
The pore size distribution of orig inal and modified clay  measured by mercury intrusion method is 
shown in figure 5. A ll samples show one peak in the aperture distribution and the peak profile of modified 
clay is basically  the same. The orig inal clay  (a) shows more macroporous structure, which means that t he 
most probable pore diameter of it is higher than that of modified  clay  and this indicates that hydrophobic 
components mainly affect macroporous structure of clay. The macropore size distribution of modified 
clay (b, c) is relatively even and the most probable value of macropore size decreases gently with the 
content of hydrophobic component increasing. However, the macroporous structure of modified clay (d) 
with excessive hydrophobic component almost disappeared, making it d ifficult  for water and air to 
permeate the membrane materials so that the germination rate of grass seed decreases. The calculated 
average pore diameter of (b) modified  clay (VO2S10) is 1.25μm, which is much b igger than the diameter 
of oxygen molecule (0.3nm) so that the oxygen molecule can permeate the membrane freely and the 
material shows sound air permeability. A lthough the diameter of water molecule is also relatively s mall 
(0.4nm), hydrophobic pores of modified clay p resent repulsion effect against water molecu le, making it 
difficult  to transmit in the macropore tunnel of clay. Thus, macroporous structure as the materials is, it 
presents relatively  magnificent water-retention property owning to  the surface modification of 
hydrophobic components. 
 
The clay-based air-permeable and water-retention material was prepared with clay modified by 
emulsifying d iscarded vegetable oil and emulsifier OP-10. The hydrophobic vegetable oil forms a two-
dimensional solid ified membrane in layer by layer mode on the surface of clay particles, making the clay 
pores changing from hydrophilic to hydrophobic and so inhibiting the water evaporation. with reasonable 
mass ratio of OP-10, vegetable oil and clay particles, the clay-based air-permeable and water-retention 
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materials not only inhibits water evaporation but also maintains sound  air permeability so shat the 
germination rate and survival rate of grass was significantly improved. 
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